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Abstract

Particulate Matter (PM) pollution in South Korea is a complex issue influenced by external sources such as Asian dust
transport, transboundary anthropogenic emissions, and domestic emissions. In this study, we investigated the spatiotemporal
characteristics of PMi 9, PMz25, and PMjo using data collected from air quality research stations on Baeangnyeong Island and in
the Seoul Metropolitan Area throughout 2022. PM concentrations were generally lower from summer to early autumn and
increased from late autumn to spring. On Baeangnyeong Island, weekend PM, 5 and PMjg concentrations were 1.3 and 3.1 ¢
g/m? higher than on weekday levels, respectively, whereas in the Seoul Metropolitan Area, weekend levels were 0.9 and 1.0
rg/m? higher than on weekdays, respectively. On Baengnyeong Island, PM concentrations tended to increase during the
nighttime and early morning hours, with daytime increases observed in summer. In contrast, Seoul exhibited a daytime
decrease in PM concentrations during spring, whereas higher concentrations typically occurred during the day, and lower
levels occurred at night in other seasons. A conditional Probability Function analysis at Baengnyeong Island indicated the
strong influence of westerly winds, highlighting the impact of transboundary pollution. Local emission sources were found to
play a dominant role in Seoul. Potential Source Contribution Function analysis for Baengnyeong Island identified major source
regions in eastern and south-central China, including Shandong, Jiangsu, Shanghai, Zhejiang, Fujian, Henan, Hubei, and Hunan
provinces. High PM episodes were primarily associated with westerly winds from eastern China. In Seoul, long-range
transported pollutants were primarily traced to the Shandong Peninsula, Bohai Bay, and eastern China.
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A= PMysH T 7] F A9 1A 5= o &
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2004: Kim et al., 2018; Park et al., 2020; Cho et
al., 2021; Lee et al., 2022; Lim et al., 2022; Park
et al., 2023). °|2|3t 1'5E PMy s U] FFETt
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Fig. 1. Location of the monitoring site in Baengnyeong Island and Seoul Metropolitan Area, Korea.
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Fig. 2. Monthly variations of PM;o, PM;s, and PMjo concentrations(zg/m? and their ratios(PM;.o/PMio, PMz2.s/PMio)
observed at Baengnyeong Island during 2022 with Asian dust.
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Fig. 3. Monthly variations of PM;o, PM;s, and PMjo concentrations(zg/m?®) and their ratios(PM;.o/PMio, PM2.s/PMio)
observed at sites in the Seoul Metropolitan Area sites during 2022 with Asian dust.
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Fig. 5. Weekly variations of PM 5 and PMo concentrations by season at Baengnyeong Island (BN) and the Seoul Metropolitan
Area (SMA). (a) Spring, (b) Summer, (c) Fall, and (d) Winter.
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Fig. 7. Seasonal CPFs distributions of PM; 5 concentrations at Baengnyeong Island and Seoul Metropolitan Area sites.
(a) Spring, (b) Summer, (c) Fall, and (d) Winter.
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Baengnyeong Island Seoul Metropolitan Area
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Fig. 8. Seasonal PSCF distributions of PMzs concentrations at Baengnyeong Island and Seoul Metropolitan Area.
(a) Spring, (b) Summer, (c) Fall, and (d) Winter.
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Appendices
Table S1. Specifications of the PM measurement instrument
BAM-1020 Specifications
Principle B-ray attenuation
Detector Plastic Scintillation Probe
B-ray Source 14C(Carbon-14)60xCi(2.22 % 106Beq)
Resolution +2/m’
Accuracy 1hr (8 ug/m’ (£8%)
Accuracy 24hr (3 ug/m3(+2%)
Lower detection limit(2 6) 24h (1.4 yg/m?
Standard range 0 ~ 2000 yg/m’
Flow rate 16.7 L/min
Measurement cycle time 1hr(Sampling time : 45 min, 8-ray count time : 8min)
Calibration Internal standard film using every 1hr
Span stability(1 month) +4%
Filter type Glass fiber tape(30mmx 21m)

Table S2. Monthly PM2z.5 concentrations at background measurement stations between 2020 — 2022

Jan. Feb. Mar. Apr. May Jun. Jul.  Aug. Sep. Oct. Nov. Dec.

Site Year ug/m® ug/m® g/m® ug/m® pg/m® pg/m’ pg/md wg/md wg/m® pg/m ug/m® ug/md
Baengnyeongdo 2020 228 259 204 214 156 158 149 136 144 181 163 235
(Ongjin, Incheon) 2021 195 262 363 219 252 185 166 142 128 15 226 194

2022 188 199 187 232 193 107 143 113 135 169 208 145

Deokjeokdo 2020 239 232 208 191 164 171 124 95 8.4 142 187 194
(Ongjin, Incheon) 2021 176 261 304 177 204 166 117 91 78 134 224 228
2022 245 217 186 186 127 82 104 43 10.7 158 203 174

Padori 2020 275 298 265 215 163 174 165 144 - - 26.8 268

(Taean, Chungcheongnam-do) 2021 244 275 354 212 28 243 197 138 106 23 321 309
2022 321 307 30 282 262 164 191 126 207 277 324 157

Taehari 2020 12.8 145 143 149 122 108 7.3 12.9 8.2 10.6 121 14.2

(Ulleung, Gyeongsangbuk-do) 2021 109 172 15 136 145 132 59 74 63 86 138 134
2022 143 155 204 175 174 103 6.1 9.4 7 11 199 188

Jeoguri 2020 159 201 222 166 166 146 8 19.1 - 148 149 157

(Geoje-si, 2021 151 176 209 135 165 93 135 173 199 256 316 249

Gyeongsangnam-do)
2022 226 205 225 169 184 124 144 54 8.3 102 165 152
Gosanri 2020 188 225 147 174 172 11.8 96 181 11.8 132 121 131
(Wonju-si, Gangwon-do) 2021 136 187 204 116 137 12 7.8 6.2 5.6 94 138 117
2022  10.6 15 145 121 127 104 10.8 8.1 155 155 204 137

Seoul Capital area 2020 29.6 296 26.1 21 204 209 145 172 10 18.4 248 264
(Eunpyeong-gu, Seoul) 2021 201 294 335 194 204 255 176 112 84 167 307 254
2022 30.7 292 262 27 188 163 158 12 13.9 16 25.9 21

Seoul 2020 288 281 251 206 189 205 134 144 107 171 241 268
(Mean Area) 2021 211 294 323 186 199 191 152 129 7 133 264 231
2022 288 255 212 218 168 124 16 114 115 138 223 194

Incheon 2020 272 229 211 164 155 171 135 139 104 153 206 239
(Mean Area) 2021 199 279 329 187 202 229 186 132 83 137 255 237
2022 279 243 225 215 165 121 178 115 14 167 236 199

Gyeonggi 2020 311 288 257 202 19 214 132 13 113 189 253 287
(Mean Area) 2021 223 305 334 186 209 209 145 126 79 149 273 246

2022 306 267 24 223 173 127 149 105 121 165 253 22.1
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Table S3. Monthly PMi concentrations at background measurement stations between 2020 — 2022
Site Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
g/’ g/m’ g/’ g/’ g/m’ g/’ pg/m’ wg/m’ g/m’ pg/md pg/m’ yg/m’
Baengnyeongdo 2020 363 394 42 464 295 298 246 185 244 35 333 378
(Ongjin, Incheon) 2021 37.8 447 73 477 563 299 299 325 264 33 44 415
2022 37.6 419 42 49.6 336 147 179 138 222 226 313 284
Deokjeokdo 2020 37.2 352 392 421 315 31 21 152 205 31.1 354 331
(Ongjin, Incheon) 2021 35 43 624 407 53 282 205 192 164 236 376 355
2022 34 355 396 41 303 175 19 12 226 26 36 269
Padori 2020 452 459 498 47 36,5 31.1 226 268 - - 46 41.6
(Taean, Chungcheongnam-do) 2021 489 546 74 448 568 31.9 309 255 244 403 561 53.8
2022 521 52,6 515 476 426 256 321 322 446 504 555 -
Taehari 2020 17.1 214 274 285 276 213 133 195 174 217 236 216
(Ulleung, Gyeongsangbuk-do) 2021 224 30.1 429 321 332 198 98 151 13 165 231 197
2022 20 25.3 34 31.7 288 181 9.2 11.1 136 149 249 21.2
Jeoguri 2020 22.1 27 36.6 288 243 197 136 229 - 22.8 222 229
(Geoje-si, Gyeongsangnam-do) 2021  30.3 273 572 31.6 378 158 175 257 265 32.8 445 313
2022 269 26 288 228 214 128 148 96 165 166 24.1 24
Gosanri 2020 324 363 343 385 308 21.1 181 302 249 344 303 263
(Wonju-si, Gangwon-do) 2021 33.6 29 469 404 447 222 173 169 17 257 394 281
2022 224 264 34 28.6 - - - - 30.6 326 378 274
Seoul Capital area 2020 47.1 47.6 502 487 426 446 24 229 165 336 421 43
(Bunpyeong-gu, Seoul) 2021 39.1 503 693 434 362 348 23 194 16 288 478 404
2022 449 436 439 48 362 226 22 197 235 269 416 397
Seoul 2020 425 412 451 438 348 364 209 228 192 334 418 417
(Mean Area) 2021 37.8 48 67.1 418 609 326 239 215 146 269 452 387
2022 434 399 414 45 33.2 223 247 201 223 251 391 376
Incheon 2020 425 368 414 386 312 321 214 24 204 335 389 391
(Mean Area) 2021 375 463 693 42 59.1 362 289 222 159 282 442 391
2022 41.8 38 41.7 44 31.9 209 265 21 261 296 411 376
Gyeonggi 200 472 438 49 471 377 407 233 239 223 385 451 458
(Mean Area) 2021 41.8 51.7 724 464 643 37 263 246 175 309 477 413
2022 45.6 419 457 472 354 234 254 204 242 294 439 393

Table S4. Linear regression results for PM concentrations between Baengnyeong Island and the Seoul Metropolitan Area

Period / Condition Species Regression Equation R?
All period (real-time) PMio y =0.6136x + 9.3146 0.28
PM;s y =0.4114x + 8.0994 0.41
PM1o y = 0.4247x + 6.8755 0.23
6-hr transport considered PMio y=0.8213x + 1.8371 0.50
PM;s y = 0.4777x + 6.6050 0.33
PMio y = 0.4839x + 5.8683 0.30
Excluding Asian dust events PMio y = 0.6547x + 7.1849 0.33
PM2s y = 0.4627x + 6.7902 0.32
PMio y = 0.4774x + 5.9408 0.30
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